A 000 OO O O O

O 03/081508 A2

=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

2 October 2003 (02.10.2003)

PCT

A 0 00000

(10) International Publication Number

WO 03/081508 A2

(51) International Patent Classification”: GO6F 19/00

(21) International Application Number: PCT/IB03/01116

(22) International Filing Date: 20 March 2003 (20.03.2003)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

02076162.3 25 March 2002 (25.03.2002) EP

(71) Applicant (for all designated States except US): KONIN-
KLIJKE PHILIPS ELECTRONICS N.V. [NL/NL];
Groenewoudseweg 1, NL-5621 BA Eindhoven (NL).

(72) Inventor; and

(75) Inventor/Applicant (for US only): BREEUWER, Marcel
[NL/NL]; c/o Prof . Holstlaan 6, NL-5656 AA Eindhoven
(NL).

(74) Agent: SCHOUTEN, Marcus, M.; Internationaal Oc-
trooibureau B.V., Prof. Holstlaan 6, NL-5656 AA Eind-
hoven (NL).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ, BA, BB, BG, BR,BY,BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NI, NO, NZ, OM, PH, PL, PT, RO, RU, SC, SD,
SE, SG, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, ZA, ZM, ZW.
(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO,
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: CARDIAC PERFUSION ANALYSIS

(57) Abstract: In a method of analyzing a quantity having temporal and spatial variations a multidimensional output data array
is formed. The multidimensional output data array comprises array positions arranged along at least a first data-axis and a second
data-axis, such as a spatial axis and a temporal axis. Values of the quantity are entered in the multidimensional output data array.
Values of the quantity at substantially the same instant are entered at respective positions in the multidimensional output data array
at equal positions along the first data-axis. Values of the quantity at substantially the same spatial position are entered at respective
positions in the multidimensional output data array at equal positions along the second data-axis.
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Cardiac perfusion analysis

The invention relates to a method of analyzing a quantity having temporal and
spatial variations, notably of analyzing perfusion of blood through the myocardium of a

patient’s heart.

Such a method of analyzing a quantity, notably of perfusion through the
myocardium is known from the US-patent US 5 803 914.

The known method displays information relating to the distribution of blood
flow within the myocardium and information relating to the myocardium wall motion. This
information on the myocardium is obtained in the known method from SPECT (single
positron emission computed tomography) imaging data.

In particular, by the known method a display ring of arc sections of the
myocardium is displayed with a color coding which depends on the perfusion ratio in each of
the arc sections. The amount of the wall motion is represented by the thickness of the
displayed arc. Inward and outward movement of the wall motion are indicated by extending
the width of the arc section at issue towards or away from the center of the ring respectively.
The known method displays a series of several, e.g. five, images of sequential frames. Hence,
it is cumbersome to gain a good rendition of the perfusion process through the myocardium.
Notably, the user of the known method needs to examine each individual section of the
myocardium in several images. Further, the number of sequential frames that can be shown is
limited severely by the capacity of the monitor on which the frames are shown.

An object of the invention is to provide a method of analyzing a varying
quantity which furnishes an easy-reference rendition of the variations of the quantity. In
particular, an object of the invention is to provide an easy-reference rendition of perfusion
through the myocardium of a patient to be examined.

This object is achieved by a method according to the invention wherein

- amultidimensional output data array is formed
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- the multidimensional output data array comprises array positions arranged along at least a
first data-axis and a second data axis
- values of the quantity are entered in the multidimensional output data array, such that
- values of the quantity at substantially the same instant are entered at respective
positions in the multidimensional output data array at equal positions along the first
data-axis and
- values of the quantity at substantially the same spatial position are entered at
respective positions in the multidimensional output data array at equal positions along
the second data-axis.

The values of the quantity at issue are dependent on at least two variables.
According to the invention the values of the quantity at issue are arranged in the
multidimensional output data array as a function of these respective variables along the first
and second data axis respectively. For example, the quantity at issue may be dependent on
spatial position and time, a spatial position and temperature or the quantity at issue may
depend on a radial and a tangential position relative to a predetermined center. In particular,
the invention is advantageousiy employed in that the values of the quantity at issue are
arranged in the multidimensional output data array as a function of time along the first data-
axis and as a function of spatial position along the second data axis. The multidimensional
output data array can be displayed as an output image. When a two-dimensional output data
array is employed, the two-dimensional output data array itself can be displayed as an output
image which shows the content of the multidimensional output data array. When three or
more dimensions are employed, for example two-dimensional cross-sections through the
multidimensional output data array, or a rendering or two-dimensional projection of the
multidimensional output data array can be displayed as an output image. In the output image
the pixel-values or voxel-values like grey-values, color-values or brightness values,
correspond to the values in the multidimensional output data array. The positions of the
pixels or voxels in the output image correspond to the positions in the multidimensional
output data array.

The output image gives an easy-reference rendition of the time variation of the
quantity at issue along the first data axis as the pixel variation in one direction in the output
image. The output image also gives an easy-reference rendition of the spatial variation of the
quantity at issue along the second data-axis as the pixel-variation in a second direction in the
output image. Usually the first and second directions are orthogonal. Moreover, as the values

of the quantity in neighboring spatial regions are displayed close to one another in the output
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image, differences between the temporal variations of the quantity in respective spatial
regions can be very conveniently monitored. In particular, according to the invention the
easy-reference rendition requires very few images to be examined. When a two-dimensional
output data array is employed, even a single output image is sufficient to provide the easy-
reference rendition of the variations of the quantity at issue. For example, when the invention
is applied to perfusion through the myocardium, then differences in blood supply to
respective sections of the myocardium served by individual coronary arteries are displayed
in a single output image.

These and other aspects of the invention will be further elaborated with
reference to the embodiments defined in the dependent Claims.

Preferably, for respective spatial sections, values for the quantity are acquired
and entered into the multidimensional output data array at their appropriate positions along
the second data axis. The values of the quantity for the respective spatial sections represent
the spatial variation of the quantity. For example for individual spatial sections a local
average over the respective sections, a local minimum or Jlocal maximum value or the value
at the center position of the spatial section at issue is used. It appears that in many
applications such a representation on a per spatial section basis provides a fair representation
of the spatial variations of the quantity at issue. Namely, the values of the quantity for
individual sections give an accurate representation of the way the quantity varies spatially
from section to section. The use of values for the quantity for respective spatial sections
achieves a reduction of the amount of data to be processed. Notably, when the values of the
quantity are derived from a series of images, the amount of data involved in the
multidimensional output data array is far less than the amount of data involved in the images
themselves, especially when high-resolution images of a high diagnostic quality are
employed. The differences between the temporal variations of the quantity at individual
spatial sections are easily viewed in the output image formed from the multidimensional
output data array. Namely, the rendition of the values of the quantity along the first data axis
forms time-traces of the quantity. Respective time-traces are formed for individual spatial
sections and rendered at respective positions of the second data axis.

The amount of data is further reduced by using values of the quantity for
respective time intervals. The value at respective successive time intervals provides a
temporal sampling of the value of the for example continuously varying quantity.

Preferably, values of the quantity for adjacent spatial sections are entered at

adjacent positions in the multidimensional output data array and correspondingly shown at
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adjacent positions in the rendition of the multidimensional output data array as an image.
This allows spatially variations of the value of the quantity and of the temporal variation of
the quantity to be clearly rendered visible in that these variations appear as relative sudden
changes in the multidimensional output data array.

In another preferred implementation values of the quantity for spatially
radially adjacent positions are entered at adjacent array positions in the multidimensional
output data array. Consequently, in the rendition of the multidimensional output data array as
an image radial variations of the quantity are clearly displayed. For example when applied to
the examination of perfusion through the patient’s myocardium, radial variations of the
perfusion are important indications for disfunctioning parts in the coronary arterial system.

The values of the quantity at issue, notably perfusion through the patients
myocardium are conveniently obtained from a series of diagnostic images. For example
diffusion-weighted magnetic resonance images are used to obtain local values of perfusion of
blood through tissue, such as the myocardium. From individual images, values of the quantity
for several positions are obtained. From successive images, values of the quantity at
successive instants are obtained, notably in that the successive images are acquired at
successive instants in time.

In a further preferred implementation of the method of the invention individual
positions in the multidimensional output data array are linked to the corresponding positions
in the images from which the values of the quantity are derived. Notably, a link is provided
between the spatial section and the temporal instants from which respective values of the
quantity are derived. Thus, when an interesting feature is noticed in the rendition of the
multidimensional output data array, the user may indicate that interesting feature. Then the
method according to the invention automatically indicates the corresponding position in the
corresponding image in the series. There are several ways to implement such a link. In a
simple example the position of the indicated position on the displayed multidimensional
output data array is calculated. From this calculated position in the multidimensional output
data array the corresponding image in the series is derived as well as the corresponding
spatial position in the image at issue, notably the position of the corresponding section in the
image at issue. Then a marker is placed at the corresponding position in the image at issue. In
another implementation a look-up table is provided with represents the correspondence
between positions in the multidimensional output data array and positions (of the sections) in

the images in the series. The indication of positions in the displayed multidimensional output
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data array can be done by way of a cursor in the form of an arrow or another symbol under
control by a e.g. a mouse, joy-stick, touch screen.

Preferably, upon indication of a position in the rendition of the
multidimensional output data array the image at issue from the series is automatically
displayed and the position is marked in the image linked to the indicated position in the
multidimensional output data array. For a notable feature in the multidimensional output data
array the corresponding position in the image at issue is then easily provided. On the other
hand, a position in one of the images can be indicated and automatically the corresponding
position in the multidimensional output data array is marked. For a suspect feature in one of
the images at issue, the corresponding position in the multidimensional output data array is
easily provided and the variation of the quantity at the suspect feature is easily examined.

When applied to the examination of perfusion, the method provides an easy
way to note interesting perfusion features from the rendition of the multidimensional output
data array and the method also provides an easy reference to the corresponding position in
the image at issue that also shows the local anatomic details in which the noted perfusion
feature occurs. This implementation is in particular advantageous when employed for
studying myocardial perfusion. Deviations from normal perfusion can be easily referenced to
the relevant part of the anatomy of the myocardium. In particular, this implementation
provides an advantageous tool for the cardiologist to detect local malfunctions in the
coronary arterial system.

The invention also relates to a data processing system. A data processing
system according to the invention is defined in Claim 11. The data processing system is
advantageously used to perform the method of analyzing the quantity such as perfusion
through the patient’s myocardium. For example the data processing system is coupled to or
included in an magnetic resonance imaging system which acquires diffusion-weighted
magnetic resonance signals and derives the values of the quantity at issue. A computer
program according to the invention is defined in Claim 12. The computer program according
to the invention can be loaded into the working memory of a processor, such as a data
processing system so as to enable the processor to perform the method according to the
invention. The computer program according to the invention may be made available from a
data carrier such as a CD-rom or may be downloaded from a data network such as the world-
wide web.

These and other aspects of the invention will be elucidated with reference to
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the embodiments described hereinafter and with reference to the accompanying drawing
wherein

Figure 1 shows a schematic representation of a cardiology image management
system in which the method of the invention is employed.

Figure 2 shows a diagrammatic representation of an example of the relation of
a series of images to the multidimensional output data array formed according to the

invention.

Figure 1 shows a schematic representation of a cardiology image management
system in which the method of the invention is employed. The cardiology image management
system includes an imaging modality 1 (IM) which supplies image data to the data processing
system 2 (DSP). The data processing system derives the multidimensional output data array
from the image data. The multidimensional output data array is then applied to a display
system. Also the image data from the imaging modality 1 are supplied to the data processing
system. The multidimensional output data array is displayed on the display system to gether
with the image data. Optionally, image processing may be applied to these image data by the
data processing unit to improve the rendition of the image data on the display system. In the
example shown in Figure 1, the imaging modality is a magnetic resonance imaging system
which generates the image data in the form of perfusion images of for example the patient’s
myocardium. On the display system the series of myocardial perfusion images are shown
with the multidimensional output data array. To this end the display system may comprise
several display screens, or several display windows 31,32 may be opened on a display area.

Figure 2 shows a diagrammatic representation of an example of the relation of
a series of images from to the multidimensional output data array formed according to the
invention.

In particular, Figure 2 shows by way of example one of the myocardial
perfusion images 4. The image of the myocardium is divided into several rings and individual
rings are split into several sectors. The rings have the middle of the image of the left ventricle
as their common center. The sectors extend mainly tangentially, that is transverse to the
radial direction from the common center. The sectors are numbered essentially spirally
outward, that is in an individual ring, the sectors are numbered for example increasing in the
clockwise direction and the numbering also increases when going from an inner ring to a

more outward ring. Although only a single myocardial perfusion image is shown in Figure 2,
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this single image is one in a temporal series of myocardial perfusion images which show the
temporal progress of the perfusion of blood through the patient’s myocardium. Figure 2 also
shows the multidimensional output data array 5, corresponding to the series of myocardial
perfusion images. In the example of Figure 2, the first data axis is the time axis (t) and the
second data axis represents the number of the sector (#S). In the multidimensional output
data array, the data values of the series of myocardial perfusion images are plotted. In
particular, for respective sectors in the individual myocardial perfusion images the average
brightness value is computed in the data processing system. These average brightness values
present the local amount of perfusion of blood through the myocardium. In the
multidimensional output data array as displayed, along the time axis, time traces of the
perfusion process for the respective sectors are produced. Along the vertical direction, i.e. the
axis representing the sector number spatial differences of the perfusion in adjacent sectors are
easily referenced.

The positions in the multidimensional output data array are linked to
respective sectors in the respective image of the series. The user may indicate a specific
position, e.g. where a striking change of brightness variations in the multidimensional output
data array occurs. Such an indication may be done for example by a simple mouse-click at
the position in the displayed multidimensional output data array. Upon indication by the user
of a position in the displayed multidimensional output data array ,the myocardial perfusion
image linked to the indicated position is put on the display screen and the sector at issue is
indicated for example by the white arrow shown in Figure 2. The myocardial perfusion image
linked to the indicated position may be displayed enlarged in stead of the complete series, or
may be displayed in an additional window opened on the display screen. The myocardial
perfusion image linked to the indicated position provides additional information on the
patient’s anatomy, notably the structure of the tissue in the sector at issue in the area where

the interesting perfusion event shows up in the multidimensional output data array.
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CLAIMS:
1. A method of analyzing a quantity having temporal and spatial variations,
wherein

a multidimensional output data array is formed

the multidimensional output data array comprises array positions arranged along at least a

first data-axis and a second data-axis,

values of the quantity are entered in the multidimensional output data array, such that

- values of the quantity at substantially the same instant are entered at respective
positions in the multidimensional output data array at equal positions along the first
data-axis and

- values of the quantity at substantially the same spatial position are entered at
respective positions in the multidimensional output data array at equal positions along

the second data-axis.

A method as claimed in Claim 1, wherein
values of the quantity are acquired for respective temporal instants and for respective
spatial sections and
values of the quantity for individual spatial sections are entered at respective positions in

the multidimensional output data array at equal positions along the second data-axis.

A method as claimed in Claim 1 or 2, wherein
values of the quantity are acquired for respective time intervals and for respective spatial
positions and values of the quantity for individual time interval are entered at respective
positions in the multidimensional output data array at equal positions along the first data-

axis.

A method as claimed in Claim 1, wherein
values of the quantity for successive time intervals are entered at adjacent positions in the

multidimensional output data array and
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- values of the quantity for adjacent spatial sections are entered at adjacent positions in the

multidimensional output data array.

5. A method as claimed in Claim 4, wherein values of the quantity for radially
contiguous spatial sections are entered at contiguous positions in the multidimensional output

data array.

6. A method as claimed in Claim 1, wherein the values of the quantity are

derived from a series of images.

7. A method as claimed in Claim 6, wherein values of the quantity at respective

instants are derived from respective images in said series of images.

8. A method as claimed in Claim 7, wherein respective positions in the
multidimensional output data array are linked to respective spatial sections in respective

images of the series.

9. A method as claimed in Claim 8, wherein the multidimensional output data

array is displayed, ‘

- aposition in the displayed multidimensional output data array is indicated and

- on the basis of the indicated position in the displayed multidimensional output data array
the corresponding image of the series is displayed and the corresponding spatial section

in the image is marked.

10. A method as claimed in Claim 1, wherein the quantity pertains to perfusion of

the myocardium.

11. A data processing system arranged to

- form a multidimensional output data array

- the multidimensional output data array comprising array positions arranged along at least
a first data-axis and a second data axis

- enter values of the quantity in the multidimensional output data array, such that
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- values of the quantity at substantially the same instant are entered at respective
positions in the multidimensional output data array at equal positions along the first
data-axis and

- values of the quantity at substantially the same spatial position are entered at
respective positions in the multidimensional output data array at equal positions along

the second data-axis.

A computer program comprising instruction to
form a multidimensional output data array
the multidimensional output data array comprising array positions arranged along at least
a first data-axis and a second data axis
enter values of the quantity in the multidimensional output data array, such that
values of the quantity at substantially the same instant are entered at respective positions
in the multidimensional output data array at equal positions along the first data-axis and
values of the quantity at substantially the same spatial position are entered at respective
positions in the multidimensional output data array at equal positions along the second

data-axis.
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